Fungi are more important to our lives than is assumed by the general public. They can comprise both devastating pathogens and plant-associated mutualists in nature, and several species have also become important workhorses of biotechnology. Fungal diversity research has in a short time transcended from a low-tech research area to a methodintensive high-tech discipline. With the advent of the new genomic and post-genomic methodologies, large quantities of new fungal data are currently becoming available each year. Whilst these new data and methodologies may help modern fungal diversity researchers to explore and discover the yet hidden diversity within a context of biological processes and organismal diversity, they need to be reconciled with the traditional approaches. Such a synthesis is actually difficult to accomplish given the current discouraging situation of fungal biology education, especially in the areas of biodiversity and taxonomic research. The number of fungal diversity researchers and taxonomists in academic institutions is decreasing, as are opportunities for mycological education in international curricula. How can we educate and stimulate students to pursue a career in fungal diversity research and taxonomy and avoid the situation whereby only those few institutions with strong financial support are able to conduct excellent research? Our short answer is that we need a combination of increased specialization and increased collaboration, i.e. that scientists with specialized expertise (e.g., in data generation, compilation, interpretation, and communication) consistently work together to generate and deliver * Corresponding author.
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Fungi and their importance
Fungi are ubiquitous and essential components of all ecosystems on earth. Saprotrophic fungi are among the major nutrient recyclers (Boddy et al., 2007) . Mycorrhizal fungi have crucial impacts on terrestrial ecosystems through their symbiosis with higher plants, enhancing photosynthesis as well as the host plant's water and nutrient uptake (Smith and Read, 2008) . Endophytic fungi, growing symptomless inside plants, have diverse beneficial effects to their hosts (Rodriguez et al., 2009) . In general, fungi directly and indirectly support human welfare through provision of diverse ecosystem services (Stajich et al., 2009) . In addition to the many 'do-gooders', an extremely diverse group of parasitic and pathogenic fungi can have devastating impacts on the ecosystem. Whilst fungi provide a myriad of medicines and food products, they also comprise species responsible for spoilage of food and materials, and represent direct threats to human health (Meyer et al., 2016) . Despite their importance to the environment and our lives (Fig. 1) , the vast majority (>95 %) of fungal diversity remains undetected and much of the detected fraction lacks scientific names . This applies to different levels, including yet undiscovered deep lineages of fungi as well as cryptic diversity within species (L€ ucking et al., 2014) or even among genetically uniform individuals within a single strain (Hewitt et al., 2016) . Major gaps in our knowledge of fungal diversity place us in a difficult situation as we face growing environmental challenges. Climate change, for example, is expected to have an extensive impact in natural ecosystems with direct consequences in the poorly understood mycota and increased threats from fungi habitat loss (Ainsworth et al., 2015) . While known and already named species can become subjects of red lists and conservation efforts, a vast diversity of unknown fungi could go extinct without notice. Other fungi may increase in abundance with unsolicited consequences, such as emerging fungal diseases of plants and animals (Garcia-Solache and Casadevall, 2010; Fisher et al., 2012; Lorch et al., 2016) , or disruptions of food supply chains by fungal spoilage (Chakrabotry and Newton, 2011) . Health problems can escalate rapidly. Fungal pathogens are currently causing more deaths than drugresistant tuberculosis and malaria (Barnes and RautemaaRichardson, 2014; Calderone et al., 2014; Denning and Broomley, 2015) and are prevalent in the chronic-wound microbiome (Kalan et al., 2016) . Environmental change will certainly also affect symbiotic systems that maintain ecosystem stability, such as mycorrhizal fungal associations or endophytes (Kivlin et al., 2013; Treseder et al., 2016) , and even lichen-dominated habitats (Ellis and Yahr, 2011) .
Given the importance of fungi, it is surprising to see a decline in mycological education and general emphasis on fungal diversity research and taxonomy at academic institutions. Experts in "phenotype-based" fungal taxonomy and systematics (i.e. those few that can recognize fungal species without DNA sequencing) are becoming a threatened race (Buyck, 1999) . Fortunately, this knowledge is maintained to some extent among amateurs. At most universities, fungal biology represents only a small component of the overall academic training. Bachelor degree courses in fungal biology are rare, and mycology is often only a part of botany or microbiology courses and degrees. Mycology started out as an obscure sub-discipline of botany and although we realised long ago that plants and fungi are distantly related, in many ways mycology has continued to live in the shadow of plant science. In this environment, fungal biology teachers are underexposed to society, except in a few institutions. Too often, fungal diversity researchers and taxonomists have a limited domain of action, reduced to the dimensions of the so-called academic ivory towers. In contrast with a clear regression in fungal biology education, the field of fungal research is thriving in many aspects, as exemplified below.
In this opinion paper, we provide a summary of historic and current challenges and prospects in fungal diversity research and taxonomy, and put forward some suggestions for how the next generation fungal diversity researcher should be trained and work most effectively to fulfil the future needs of society.
Challenges and prospects of working with fungi
A very basic reason for the large gaps in our knowledge of fungi is that most fungi spend the majority of their life cycle belowground or within other substrates in their microbial phase, invisible to the naked eye. Moreover, a large proportion of fungi, especially in the early diverging branches of the fungal tree of life, do not produce macroscopic fruit bodies or fruit bodies at all. In the pre-DNA era, most knowledge about fungal diversity and ecology was acquired by recording and examining reproductive structures using imaging techniques (e.g., light and electron microscopy). In the second half of the last century, chemical profiling and various culture-based techniques (including mating studies and vegetative incompatibility tests), became more important. These techniques continue to provide relevant phenotypic and physiological information about fungal diversity, however, their use remains limited to fungi with macroscopically and microscopically diagnosable features or those able to grow in vitro.
With the introduction of PCR and Sanger sequencing techniques in the early 1990s, genetic tools made it possible to study fungi beyond the classic methodologies. Approaching 2010, another revolution in fungal diversity research took place with the introduction of high throughput sequencing (HTS) methods. These rapidly evolving HTS techniques are currently enabling a far more comprehensive (yet often biased) overview of the overall fungal diversity in environmental samples . Facilitated by large and successful collaborative projects such as the 1000 Fungal Genome (1KFG) project (Grigoriev et al., 2014) and other synergistic initiatives (e.g. Galagan et al., 2003 Galagan et al., , 2005 Pel et al., 2007; Amselem et al., 2011) , HTS is also providing full genome sequence data at an increasing pace. The new technologies have boosted the discovery of undescribed fungal diversity (e.g., Jones et al., 2011; Spribille et al., 2016) , and we might be able to progress rapidly from the current figure of 135,000 described species towards the most widely accepted estimate of 3 million (Hawksworth, 2012) . In addition, combining HTS approaches with RNA sequencing enables us to not just monitor what fungi are present but also to investigate what they are doing. New single-cell techniques may bring the next transition (Gawad et al., 2016) and may circumvent several current challenges working with fungi. These techniques enable acquisition of both uncontaminated and less biased fungal DNA and RNA, including unculturable taxa. Single-cell analyses may also pave the way for multilocus or genomic environmental sequencing, making fungal community profiling far more accurate than the current single-locus, ITS-based approach, which can introduce significant bias (Tedersoo and Lindahl, 2016) .
In parallel to the evolution of sequencing technologies, newly developed imaging methods can be combined with DNA-based techniques to more completely document fungal diversity, structure, and function. Advanced in situ imaging of fungal diversity is still in its infancy and needs to be adapted for a broader range of fungi. Application of specific probes combined with imaging approaches has so far been used only in a limited number of studies, which nevertheless has provided important baseline insights about the biology of the previously unseen fungi (Jones et al., 2011; Spribille et al., 2016) . At the same time, life-history traits of fungi, which can be detected by a combination of such techniques, will help to understand the ecological contexts of the yet unexplored diversity in an integrated approach. This also applies to partitioning of genetically fixed variation from phenotypic (non-genotypic) diversity, i.e., adaptive responses or bethedging vs acclimatization (Hewitt et al., 2016) .
With the advent of the new technologies described above, the emergence of mainly DNA-based insights about fungal diversity have led to additional challenges and heated debates, particularly with regard to the naming of species (Hibbett and Taylor caveat of HTS technology is that it produces overwhelming amounts of data, most of which remains unidentified to species or even higher taxonomic levels Yahr et al., 2016) . Moreover, a large part of the fungal kingdom cannot be documented by physical specimens as type material. Members of Cryptomycota (Jones et al., 2011; James et al., 2013) , Archaeorhizomycetes (Rosling et al., 2011) and Cyphobasidiales (Spribille et al., 2016) are examples of recently detected lineages primarily documented through DNA or RNA analyses. In the current scenario, old names that could be considered potential synonyms need to be revised and formally described in accordance with the International Code of Nomenclature for Algae, Fungi and Plants (http:// www.iapt-taxon.org/nomen/main.php; McNeill et al., 2012) , a procedure that still requires a physical type specimen. There are, however, proposals to modify the code so as to allow sequence-based types in fungi when using environmental sequencing techniques (Hawksworth et al., 2016) . De Beer et al. (2016) provides an example of successful use of environmental nucleic acid sequences (ENAS) to describe new taxa in a phylogenetic context.
In addition to the important taxonomic issues related to the hidden diversity, it is also critical that the ecological dimensions of fungi are explored. Traditionally, fungal taxonomy and ecology have been taught separately and followed separate parallel research paths. The community broadly uses other fields outside fungal biology (e.g. bioinformatics, statistics, big-data visualization), but their importance is often neither acknowledged nor included in the formal training. We wonder if the failure to integrate other fields in the mycological education has left aspiring fungal biologists unprepared to carry out top-level research and unqualified to take life science jobs.
Aside from the challenges and controversies posed above, the gains of combining various approaches and expertise to close, or at least reduce, the gap between the known and the unknown in fungal diversity is widely accepted. There are, however, daunting challenges associated with combining and complementing data from various sources and of different nature (molecular, ecological, taxonomical, morphological, distributional, functional, etc.) . Synthesizing large datasets of different quality, format and completion is not a straightforward task and requires new solutions. Fungal diversity research needs to adopt data science methodologies for compiling and interpreting data. Fortunately, some efforts are emerging to solve the problem of uniting fragmented data, which include databases providing online methods for DNA sequence-based fungal identification (Kõljalg et al., 2005; Abarenkov et al., 2010; Tedersoo et al., 2015) . In order to overcome the challenges related to big data interpretation, we need sophisticated visualization techniques to perceive multidimensional information. These techniques will also facilitate the communication of fungal information to scientific peers, decision makers, and the public.
The next generation fungal diversity researcher
The summary above reminds us that, in a few years, fungal diversity research has transcended in many ways from a lowtech research area to a methods-intensive, high-tech discipline, whilst the training of fungal diversity researchers has simultaneously reduced. Until recently, an individual researcher would typically possess the competences required to carry out state-of-the art analyses in fungal taxonomy and diversity research. Large, pan-national projects on genome sequencing of economically important fungal species have already been examples for multiauthored efforts (e.g., Galagan et al., 2003 Galagan et al., , 2005 Pel et al., 2007; Amselem et al., 2011) . Recent influential studies show that major aspects of fungal diversity research are becoming highly multitechnological endeavours, as well. They integrate an array of advanced techniques and expertise such as imaging, genomics, transcriptomics, isotope analyses, modelling, and advanced statistics (Jones et al., 2011; Rosling et al., 2011; Clemmensen et al., 2013; Tedersoo et al., 2014; Spatafora et al., 2016; Spribille et al., 2016) .
In this context, how can we educate the future fungal diversity researcher in a multi-technological era? How can we stimulate her/him to pursue a career in this field? And, how can we avoid a situation where only those few institutions with strong financial support are able to conduct world-class fungal diversity research? Our short answer to these questions is: through a combination of increased specialization and increased collaboration. Since most students, researchers and even research groups will clearly not have the capacity and resources to accumulate all the required skills, increased levels of national and international networking and collaboration will be essential, across both the academic and the nonacademic sectors. As pointed out by Meyer et al. (2016) , we live in an era where the largest portion of knowledge and capabilities related to fungal biology in general is held by industry more than academia, and we have a problem with transparency (open data) that needs to be addressed. Examples of successful collaborations between academic and industrial members can already be found in neighbouring fields, such as the multidisciplinary virtual center on fungal biotechnology e the EUROFUNG network (Meyer et al., 2016) . Our approach suggested here, focused on fungal diversity and taxonomy, would represent a complementary initiative to the EUROFUNG network. Clearly, more areas of fungal research would gain from similar efforts as well.
We recognize a general workflow in modern fungal biodiversity projects (Fig. 2 ). This starts with data generation and subsequent compilation of data from different sources, followed by data interpretation and ultimately communication of results. For data to flow efficiently, we need better solutions to ensure that all methodological approaches remain coherent. We anticipate that next-generation fungal scientists will need to frame themselves along this conceptual pipeline, being specialized in one or a few required roles, and having a general understanding of the entire workflow. The workflow ends with science communication, a field with high potential for further development (see e.g., Nisbet and Scheufele, 2009) and that has been a commonly undervalued expertise in training programs. The next generation researchers need to communicate effectively with target groups, such as the scientific community (incl. students of biology), the public, industry and various stakeholders, to ensure knowledge exchange and to stimulate participation and engagement.
4.

Conclusion
Certainly, the application of high-end technology and the downstream data integration requires outstandingly skilled researchers. Does the training of fungal diversity researchers, as of today, cope with the needs of our time? We are very doubtful. To improve scientific excellence in fungal research, we need to be more efficient in combining 'traditional' expertise with modern technologies. Currently, only a handful of centres specialize in fungi and are able to provide adequate doctoral education for the next generation fungal diversity researchers. We argue here that the training needed can be achieved by developing a network at the level of doctoral training programs. By joining efforts from diverse scientific backgrounds and skill strengths, these heavily needed training networks may extend modern fungal diversity education more widely. Only by creating such networks will reduce the current gap between academic and non-academic institutions. The timing is right, as network schemes for postgraduate training are now feasible with the advent of national, EU and other funding initiatives for multi-student training schools. This approach could create critical masses of enthusiastic and innovative young scientists able to harness their specialist skills for effective collaboration in modern fungal research. To achieve optimal relevance, future PhDs in fungal diversity research should receive training in the data-flow pipeline outlined above. This approach will have an added benefit for those who want to enter industrial research. These young scientists will be equipped with the required expertise to quickly progress in an R&D environment that often relies on both the leverage of specific expertise and the ability to effectively connect with other disciplines. With this concept in mind, a new generation of researchers will be able to bring much needed clarity to the complex picture of fungal life and diversity. Facing an era of rapid environmental changes, we need such clarity for the wider recognition of fungi as linchpins that can determine life and death, or proliferation and decay, in all ecosystems. r e f e r e n c e s
